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Hunting regulations are assumed to moderate the effects of hunting consistently 
across a game population. A growing body of evidence suggests that hunter effort varies 
temporally and spatially, and that variation in effort at multiple spatial scales can affect 
game populations in unexpected ways. We set out to determine the causes of variation in 
hunting effort among ring-necked pheasant (Phasianus colchicus) hunters at four spatial 
scales: among regions within the state of Nebraska, among sites within a given region, 
among access points at a given site, and among habitat patches within a site. At each 
scale, pheasant hunters used direct and indirect information about pheasant relative 
abundance to make spatial decisions, but the sources of information used varied with 
scale. At the state scale, pheasant hunter use was positively correlated with relative 
pheasant abundance, and percent coverage of wetlands, Conservation Reserve Program 
(CRP) grasslands, and row crops. Within a given region, hunters were most likely to hunt 
CRP grasslands, as opposed to wildlife management areas, corroborating evidence that 
hunters associate CRP with pheasant abundance. Sites surrounded by a higher 
concentration of row crops, a potential food source for pheasants, also received higher 
use. At the access point scale, hunter space use was positively correlated with proximity 
to roads and public access signs, but declined near occupied structures and livestock, 
indicating that hunters responded to the spatial distribution and content of public access 
 infrastructure. Within fields, hunter space use was positively correlated with pheasant 
detections, and negatively associated with correlates of metabolic cost and distance from 
crop fields. Our findings indicate that hunters are strongly influenced by cues of public 
land access and pheasant abundance, suggesting that if it is desirable to direct or mitigate 
the flow of hunter effort through public lands, this objective may be accomplished by 
managing the cues available to hunters without explicitly limiting access to public lands.  
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INTRODUCTION   
Wildlife managers traditionally use season dates and bag limits to control the 
demographic and behavioral effects of hunting on wildlife populations (Sinclair et al. 
2006), but a growing body of evidence suggests that variation in hunter behavior within 
regulatory parameters may profoundly affect population dynamics and individual 
phenotypes within wildlife populations (Allendorf et al. 2008, Darimont et al. 2009). 
Harvest preferences and sporting ethics can, for example, influence the direction of 
physical and behavioral selection in game populations (Allendorf and Hard 2009). 
Wildlife managers cognizant of the selective effects of hunting (Pigeon et al. 2016) are 
increasingly managing game populations to mitigate harvest-induced selection (e.g., 
quality deer management, Turner et al. 2016), but hunting has the potential to influence 
game animal physiology and behavior even when hunters are not consciously seeking to 
harvest a desirable phenotype (Madden and Whiteside 2014).  
Hunters induce anti-predator responses analogous to those evoked by other 
predators (Ciuti et al. 2012, Cromsigt et al. 2013), and because hunters distribute risk 
unevenly (Brøseth and Pedersen 2000), hunting can cause undesirable changes in game 
distribution and behavior with potential consequences for game populations and hunters 
(Proffitt et al. 2009). For example, wild boar (Sus scrofa) and roe deer (Capreolus 
capreolus) avoid spaces where hunting is permitted during the day, only returning at 
night after hunting has ceased (Tolon et al. 2009, Bonnot et al. 2013). The implications 
for hunter success are apparent, but the consequences for individual game animals are 
often less clear (Lone et al. 2015).  
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For prey populations coping with predation risk from non-human predators, 
shifting activity away from times and spaces of high predation risk is largely assumed to 
be adaptive, even when anti-predator responses require sacrificing food or other resources 
(Sih and McCarthy 2002, Hernández and Laundré 2005). Because hunters are now the 
top predator in many systems (Dirzo et al. 2014), but are often legally restricted from 
harvesting specific segments of  a given game population, hunting decouples predation 
risk cues from the likelihood of mortality for prey individuals that cannot legally be 
harvested (e.g., females or juveniles of many species). Hunting may thus constitute a kind 
of ecological trap in which non-harvestable prey sacrifice resources, likely incurring 
fitness costs, for no actual decrease in mortality risk associated with hunters. Moreover, 
the cumulative responses of individual game animals to the distribution of risk imposed 
by hunters can create landscape-scale patterns of prey distribution and behavior, with 
prey concentrated away from areas of intense hunting pressure (Wirsing et al. 2008, 
Madin et al. 2011).  
 Given the potential for hunters to influence game populations independent of 
harvest alone, there is a need to understand hunters’ behavior across the multiple spatial 
scales at which game animals assess and respond to risk in the environment. Previous 
work has suggested that hunter movement may be influenced at various spatial scales by 
social and ecological conditions including prey abundance, the location of a starting 
point, or cues associated with previous hunting success (Kaltenborn and Andersen 2009, 
Lande et al. 2010, Lone et al. 2014). However, any analysis of hunter habitat decisions 
conducted at a single spatial scale fails to parse the series of decisions that leads to 
patterns of hunter use, neglects the feedbacks between hunter and wildlife decisions, and 
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fails to provide actionable insights for conservation practitioners. To understand how 
hunting pressure becomes heterogeneously distributed in space and time, it is essential 
that we determine how hunters choose habitat at multiple spatial scales (Lima 2002).  
Human and animal habitat decisions are emergent outcomes of hierarchical 
decision processes in which individuals use information at multiple spatial scales to 
reduce the cost of choosing space between and within habitats (Hutto 1985). For hunters 
choosing spaces among and within public lands, the environment includes social and 
ecological costs and benefits. Hunters consequently navigate social and ecological cues to 
choose spaces within public lands that satisfy their trip’s objectives (Decker et al. 1980). 
In a hierarchical habitat decision process, an individual uses cues to choose between 
habitats (e.g., vegetation associations for birds or water bodies for anglers; Cushman and 
McGarigal 2004, Hunt 2005). Having made a decision at a coarse scale, the individual 
continues to make decisions at finer and finer scales, continually assessing whether the 
space they are using facilitates their objective (Rettie and Messier 2000). A hierarchical 
habitat decision process thus includes decisions at scales as large as a continent and as 
fine as the individual’s next step. Whereas hierarchical habitat decision processes are 
path dependent, the social and ecological cues considered, and the direction and strength 
of relationships, change with scale (Dussault et al. 2005). Conclusions drawn about 
hunter habitat decisions from behavior observed at any one spatial scale may therefore be 
misleading. A pattern observed at a finer scale may in fact be determined by an 
unobserved pattern at a coarser scale. Likewise, relationships observed at one scale may 
change strength or direction at a different scale, limiting the applicability of inferences 
about hunter behavior based on a single spatial scale.  
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Here, we use Nebraska ring-necked pheasant (Phasianus colchicus) hunters to 
identify social and ecological causes of variation in hunter habitat decisions at a range of 
spatial scales. Our objectives were to assess 1) the effects of county-scale socio-
ecological variation on the state-scale distribution of pheasant hunting trips, 2) the effects 
of within-region socio-ecological variation on the distribution of pheasant hunting trips 
within a region, 3) the effects of public access infrastructure on hunter selection of access 
points at public access hunting fields, and 4) the effects of prey abundance cues and 
metabolic costs on pheasant hunter movement within public access hunting sites.  
 
METHODS 
Study system 
Ring-necked pheasants are a historically popular and economically important 
gamebird across much of the United States (Johnson 1964). Pheasant populations respond 
to variation in landscape structure and predation risk at multiple spatial scales, resulting 
in significant variation in pheasant abundance across Nebraska, within different regions, 
and among parcels of land (Jorgensen et al. 2014, Simonsen and Fontaine 2016). In 
Nebraska, pheasant hunting begins in late October and extends through the end of 
January (Nebraska Game and Parks Commission [NGPC] 2016a). Hunters walk through 
fields, often accompanied by dogs, and attempt to flush birds from vegetation and shoot 
individuals in flight. Although harvest is limited to males (NGPC 2016a), hen (female) 
pheasants regularly encounter hunters. The direct effects of harvest and the non-lethal 
effects of interacting with hunters affect hen pheasant behavior and life history with 
potentially important implications for pheasant populations (Messinger 2015). 
Information about state-scale pheasant distributions is readily available to hunters 
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through NGPC publications (NGPC 2016b, c), as well as direct contact with agency 
personnel. Likewise, information about the distribution and land-use of public hunting 
sites is accessible to hunters in Nebraska through the Public Access Atlas, an online and 
printed series of maps describing the location and public access classification of public 
lands across the state (NGPC 2016d).  
Nebraska is ~97% privately owned (Bishop et al. 2011), and although it is 
possible to hunt pheasants on most rural lands in Nebraska, access to private lands is 
often limited to the family and friends of landowners (Sigmon 2004). Public lands 
including Wildlife Management Areas (WMA), State Recreation Areas (SRA), U.S. Fish 
and Wildlife Service Waterfowl Production Areas (WPA), U.S. Army Corps of Engineers 
reservoirs, and private lands enrolled in public access programs, such as the Nebraska 
Open Fields and Waters Program (OFW), provide important hunting access with roughly 
60% of all upland game hunters in Nebraska hunting on public lands (NGPC 2017; Table 
1). As lands closed to public hunting are by definition not available and excluded from 
the habitat decision process of most hunters, we have limited our study to lands open to 
public hunting. Hunting opportunity, like pheasant abundance, varies considerably in 
space at multiple scales (NGPC 2016d). We assessed causes of variation in the 
distribution of pheasant hunting effort at four spatial scales representing four steps in a 
pheasant hunter’s hierarchical decision process: 1) among socio-ecological regions 
(counties) within Nebraska, USA (Figure 1a), 2) among public hunting sites within a 
region (Figure 1b), 3) among access points at a public hunting site, and 4) among habitat 
patches within a public hunting site.  
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Scale 1: Habitat selection in response to county-scale variation 
Hunter counts. – We assessed pheasant hunter spatial and temporal distribution as 
part of a larger study investigating how hunters and other outdoor recreationists use 
Nebraska’s public lands. To identify how coarse-scale variation in social and ecological 
traits affected habitat decisions of public land pheasant hunters in Nebraska, we surveyed 
seven distinct regions across the state from the last weekend of October to 31 January, 
2014-15, 2015-16, and 2016-17 (NGPC 2016a; Appendix 1). We selected regions to 
represent important public lands hunting opportunities across a continuum of social (e.g., 
human population density, road network) and ecological (e.g., pheasant abundance, land-
use) conditions (Table 4). To assess pheasant hunter use, we surveyed public hunting 
locations within each region. We defined a sampling location as a section of land (i.e., 
square mile, or 259 ha) that included any land open to public hunting. All sampling 
locations were no larger than a single section, but multiple locations could be adjacent. 
We classified sites into eight public access categories based on the Nebraska Public 
Access Atlas (NGPC 2016d). Each site was visited daily in a systematic bus-route design 
that randomized start time (morning or afternoon), start location (3-5 per route), and route 
direction (clockwise, counter-clockwise; Pollock et al. 1994). Morning routes started at 
the beginning of legal shooting light (30 minutes before sunrise) and continued until 
noon. Afternoon routes began between 12:30 and 13:30, according to sunset times, and 
continued until the end of shooting light, 30 minutes after sunset. After traversing a 
section of public land, observers tallied the total vehicles at the site and categorized them 
as local (distinguishable in Nebraska by numerically coded license plates based on county 
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of origin), in-state but not local, or out-of-state, and recorded the access conditions of the 
site (access limited, possibly limited, or not limited by weather or road hazards). 
 
Hunter interviews. – Public lands are used for a variety of recreational activities 
(U.S. Department of the Interior 2011, Clawson and Knetsch 2013). Raw vehicle counts 
would therefore overestimate pheasant hunter use. To quantify the proportion of vehicles 
that represented pheasant hunters versus individuals pursuing other outdoor activities, we 
conducted in-person interviews of people exiting public properties. Following a 
standardized creel survey protocol (Pollock et al. 1994), exiting parties were asked a 
series of questions (Appendix 2) aimed at identifying outdoor activity (e.g., hunting or 
camping), general demographics (e.g., number in party, age, sex, and home zip codes), 
and number of vehicles in the party. Using the proportion of interviews that represented 
pheasant hunters, we estimated the probability that a vehicle counted during a bus route 
represented a pheasant hunting party. Because we conducted interviews opportunistically, 
many sites received few or no interviews, making a direct assessment at the sampling site 
scale impossible. Moreover, not all activities were allowed on every site and many 
activities were limited to certain times of year or to certain regions by either regulation or 
cultural norms. To account for differences in recreational activities among sites 
throughout the year, we adjusted car counts for each public access category (e.g., WMA 
versus WPA), for each region, in each year. We multiplied the total number of cars 
counted at each site in each study year by the proportion of interviews in that 
combination of region, public access type, and year, which were with pheasant hunters. 
We then multiplied this number by two, the median number of pheasant hunters per party 
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based on interview data, to create a yearly index of pheasant hunter use for each site. 
Three access categories: “Fishing Only,” “Small Grain Stubble Management,” and 
“Platte River Basins Environments,” yielded too few interviews to reliably estimate the 
proportion of vehicles representing pheasant hunters and thus were excluded from 
subsequent analyses. 
 
Population and infrastructure. – Social factors influence where people participate 
in outdoor recreation (Johnson et al. 2001, Schroeder et al. 2008), as well as the 
population that participates (Shores et al. 2007). Areas with larger populations or more 
developed infrastructure (e.g., road networks) may experience higher use because they 
are more accessible to a greater number of hunters. To assess how regional variation in 
human population size and infrastructure development might influence the degree of use 
public access hunting sites receive, we calculated road density, population density, and 
distance to nearest metropolitan area at the county level for all survey locations. 
Specifically, we calculated the density of paved and unpaved roads, in kilometers per 
hectare, from the US Census Bureau road layer (U.S. Census Bureau 2016a). We then 
assigned each county a distance to metropolitan area by calculating the mean of the 
distances from each site in a county in each study year to the nearest United States 
Metropolitan Statistical Area with a population exceeding 50,000 to create an index of 
county-scale accessibility from population centers (U.S. Office of Management and 
Budget 2013). Using data from the 2009-2015 editions of the American Community 
Survey, we calculated the population density in people per hectare for each county (U.S. 
Census Bureau 2016b) in each year. The 2016 American Community Survey has not yet 
9 
 
been released. We therefore calculated the population growth rate in each county from 
2014-2015, and adjusted the 2015 estimate by the 2014-2015 growth rate to create an 
estimate of population density for 2016, the final year of the study. Each county was thus 
assigned one road density value that was constant across all three years, one population 
density value per year, and one distance to metropolitan area value per year. Sites were 
assigned road density, population density, and distance to metropolitan area values 
according to the county in which they were located.  
 
Pheasant abundance. – To choose pheasant hunting locations within Nebraska, 
hunters need information at a scale that represents their movement through the landscape 
of available hunting locations and ostensibly predicts their ability to find and hunt 
pheasants. Among the most important factors may be the abundance of pheasants 
(Mecozzi and Guthery 2008). Each year NGPC makes publicly available through directed 
emails and media outlets a report detailing the condition of pheasant populations across 
the state (NGPC 2016c). The annual Upland Outlook assigns yearly pheasant abundance 
scores to each county according to the Rural Mail Carrier Survey (RMCS), in which local 
mail carriers count roadside wildlife while delivering the mail. We used the RMCS to 
assign each site a scaled relative pheasant abundance index. We averaged the numbers of 
pheasants counted in each county, including adults and juveniles, during the April, July, 
and October RMCS in 2014, 2015, and 2016. We then scaled the number of pheasants 
counted in a county by the kilometers of road driven in the course of the count within 
each county. When a county lacked RMCS data (four county-years total), we interpolated 
the value from the surrounding counties in that year. We then created a pheasant relative 
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abundance index by placing estimates of pheasants counted per kilometer driven on a Z-
scale. Each site was thus assigned one scaled pheasant abundance value per year 
according to the county in which the site was found.  
 
Land-use. – The land-use matrix affects pheasant populations and pheasant 
hunting success at multiple spatial scales (Jorgensen et al. 2014, Hiller et al. 2015). 
Moreover, mapping services such as Google Earth and the NGPC interactive GIS website 
(Bishop et al. 2017) make assessing the state-wide distribution of land-uses feasible for 
individual hunters. We therefore categorized the habitat within each county and assigned 
land-use composition variables to each public access hunting site. Specifically, we used 
the Nebraska Landcover Dataset, a raster composed of 30-m pixels classified by 
landcover type covering the state of Nebraska, to calculate the percentage of landcover 
types biologically important to pheasants (CRP, small grains, row crops, pasture, 
wetlands, and trees) in each county (following Jorgensen et al. 2014). Each site was thus 
assigned a county-scale percent coverage for each land-use type (e.g., county CRP 
coverage). Finally, because access is often limited, the availability of public properties 
per se may affect where hunters choose to go. Using public-access data layers provided 
by NGPC, we calculated the total area of public land and the number of distinct parcels 
of public land per county per year. Each site was assigned one count per year of distinct 
public access sites in its county, and one estimate per year of the total available area of 
public land in that county. 
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Analysis. – All model construction, fitting, and estimation was conducted in the R 
statistical environment (R 3.3.3; R Core Team 2017). Our index of pheasant hunter use 
was over-dispersed and contained a large number of zeros (255 out of 1171 total site-
years); however, we had no reason to suspect that the high proportion of zeros resulted 
from an observation process rather than a structural one. We therefore assessed how 
county-scale social and ecological variation affected hunter habitat decisions using a 
hurdle model that assessed how site-years with zero use differed from site-years with 
non-zero use and investigated causes of variation in the magnitude of use for site-years 
with non-zero use (Hu et al. 2011). In the first stage of the hurdle model, we fit a 
binomial generalized linear mixed model (GLMM) in package MCMCglmm using a 
weak prior with a mean of 0 and a large variance (Hadfield 2012, Hadfield et al. 2016). 
We reclassified our index of pheasant hunter habitat use to a binary response. If a site’s 
pheasant hunter use index in a given year exceeded zero, it was assigned a “1” for that 
year. If a site’s pheasant hunter use index in a given year equaled zero, it received a “0” 
for that year. The binomial model fixed effects included the county-scale pheasant 
abundance index and three land-use variables related to pheasant abundance (row crops, 
CRP, and wetlands). The fixed effects also included county-scale road density in 
kilometers per hectare, county-scale population density in individuals per hectare, county 
average distance to metropolitan area, and study year as a factor, as well as a random 
effect of site ID. We extracted parameter means and 95% credible intervals based on 
10,080 draws from the joint posterior distribution. We confirmed model convergence of 
four MCMC chains using Gelman-Rubin scale reduction factors and further confirmed 
chain mixing using trace plots (Brooks and Gelman 1998). In the second stage, we 
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assessed how county-scale social and ecological variation affected the magnitude of 
pheasant hunter use at public access hunting sites with non-zero pheasant hunter use by 
fitting a GLMM to the subset of our data for which estimated pheasant hunter use 
exceeded zero, again using MCMCglmm (Hadfield et al. 2016). We used a prior with a 
large fixed variance, mean of zero, and Gaussian model family to create an uninformative 
gamma-distributed prior that facilitated parameter estimation despite over-dispersion. As 
above, we extracted parameter means and 95% credible intervals based on 10,080 draws 
from the joint posterior distribution. The gamma-distributed GLMM included all fixed 
and random effects specified above. We again confirmed model convergence using 
Gelman-Rubin scale reduction factors and confirmed chain mixing using trace plots. We 
assessed model fit for both stages of the hurdle model by calculating mean absolute error, 
and comparing plots of measured parameter distribution and residual distribution.  
 
Scale 2: Habitat selection in response to within-county habitat variation 
We assessed causes of variation in hunter use among sites in the Southwest study 
region to evaluate how social and ecological variation affected pheasant hunter habitat 
decisions at a finer scale than the coarse county scale considered above. We chose to 
focus on the Southwest study region because it contains abundant and diverse public 
access properties embedded in a diverse land-use matrix supporting one of the most 
robust pheasant populations in the state (NGPC 2016c; Table 1). The Southwest study 
region is equidistant from the Lincoln and Omaha metropolitan areas and the Denver 
metropolitan area, providing a diverse population of pheasant hunters. We extracted the 
subset of bus route and interview data collected in the Southwest region according to the 
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bus route and interview protocols described above. Because we interviewed only two 
parties on sites in the “All hunting seasons” access category, Southwest sites in the “All 
hunting seasons” category were excluded from the subsequent analysis.  
 
Population and infrastructure. – Variation in the distribution of services and 
infrastructure across a given landscape may influence how natural resources users choose 
which sites to visit. Public access sites surrounded by a more extensive road network may 
receive more use because they are easier to access from a variety of starting locations 
(Havlick 2002). Additionally, residences and services such as gas stations, hotels, 
restaurants, and grocery stores in the Southwest region are highly concentrated within the 
region’s four towns: Culbertson, Trenton, Palisade, and McCook. Hunter space use is 
strongly influenced by starting locations (Brøseth and Pedersen 2000); sites in closer 
proximity to towns may therefore experience greater use than those farther from towns. 
To address how variation in the distribution of services and infrastructure within a region 
influences the magnitude of pheasant hunting use a site receives, we calculated distance 
to town and the road density around each site in the Southwest study region. We assigned 
distance to town values by calculating the Euclidean distance from the center of each site 
to a town of any size. We then calculated road density in kilometers per hectare of all 
paved and unpaved roads within a 10-km radius of the center of each site (U.S. Census 
Bureau 2016).  
 
Land-use. – Hunters choosing a public access site may be responsive to the 
ecological conditions of that site and the surrounding area (Richardson et al. 2008). 
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Additionally, pheasant hunters often hunt multiple sites in a day and may consider the 
ability to move from one site to another when choosing a site (Messinger 2015). We 
therefore assessed how the public access categorization of a site, land cover surrounding 
sites, and the spatial distribution of other public access sites affected the magnitude of 
pheasant hunting use sites received. Hunters access information about the public access 
classification of all sites and ecological description of some sites (WMA’s, for example, 
often have detailed descriptions) before starting their hunt via NGPC publications and 
websites (NGPC 2016d). We categorized each site according to its Public Access 
classification, and calculated the area of land within each section open to public hunting. 
We further characterized the habitat around each site to assess how land-use categories 
biologically important to pheasants affected hunter site choice decisions. Specifically, we 
used the Nebraska Landcover Dataset, as above, to calculate the percentage of 
biologically important landcover types (CRP, small grains, row crops, pasture, wetlands, 
and trees) in a 10-km radius around the center of each site. The 10-km radius was chosen 
as a conservative representation of the scale at which people and wildlife in Nebraska 
respond to land-use variation (Stuber et al. in prep). Although the 10-km radius included 
the study sites, the area of the site comprised a small proportion (maximum 259 of 31,416 
total hectares) of the area included in the radius. Finally, we used NGPC public access 
data layers to calculate the distance from each site to the next nearest site, and the number 
of sites within a 10-km radius.  
 
Analysis. – As above, we fit a gamma-distributed GLMM in MCMCglmm to 
assess how variation in social and ecological factors within a study region affected the 
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estimated number of pheasant hunting trips per site per year in the Southwest study 
region. We again used an uninformative prior with a high fixed variance, and a Gaussian 
model family. The model contained a random effect for site ID, as well as a fixed effect 
of study year. The fixed effects also included distance to town, road density, public-
access classification, percentages of CRP, row crops, and wetlands in a 10-km radius, 
distance to next nearest site, and the number of sites in a 10-km radius. We extracted 
parameter means and 95% credible intervals based on 10,080 draws from the joint 
posterior distribution. As above, we confirmed convergence using Gelman-Rubin scale 
reduction factors and trace plots and assessed model fit using mean absolute error and 
plots of pheasant hunter use index distribution and residual distribution.  
 
Scale 3: Access point selection 
To assess how variation in social and ecological features of public access hunting 
sites affect hunter spatial decisions at the scale within which hunters directly interact with 
pheasants, we monitored hunter movement and physical exertion within seven public 
access sites in the Southwest study region. One site surveyed in 2015 was not re-enrolled 
in OFW during the 2016 field season, so we selected a similar replacement site, resulting 
in five sites with two years of data each, and two sites with one year of data each. We 
selected only sites that appeared in NGPC publications as OFW CRP; however, selected 
sites differed in area, public access infrastructure, surrounding land-use matrix, 
vegetation characteristics, proximity to other sites, and pheasant abundance, allowing us 
to parse the social and ecological causes of variation in fine-scale hunter habitat decisions 
along those axes of variation. We addressed the question of how hunters choose access 
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points and habitat patches within fields by assessing which social and ecological 
variables influenced the magnitude of hunter use that habitat patches received. Using the 
“Fishnet” function in QGIS (QGIS 2.18), we divided the study sites into one-hectare 
quadrats, resulting in a total of 399, 1-ha quadrats. Because the study sites were 
irregularly shaped, the fishnet procedure also produced 273 quadrats with area < 1ha. We 
therefore scaled hunter use by quadrat area in all subsequent analyses.  
 
GPS track collection. – Natural resources users may adaptively vary fine-scale 
spatial decisions in response to the physical stress they experience while engaging in 
outdoor recreation (Ólafsdóttir and Runnström 2013). We assessed fine-scale hunter 
spatial decisions and physical exertion concurrently within public access hunting sites. 
We collected hunter movement data from 30 minutes before sunrise to 30 minutes after 
sunset, during the 2015 (October 31, 2015 – January 31, 2016) and 2016 (October 29, 
2016 – January 31, 2017) pheasant hunting seasons. Because the vast majority of hunting 
activity occurs within the first two months of the season (Fontaine unpublished data), we 
concentrated our effort from opening day until mid-December (December 15, 2015 and 
22, 2016). For safety reasons, we did not collect any data during the rifle deer season 
(November 14-22, 2015 and November 12-20, 2016), or when precipitation rendered 
roads impassable. However, pheasant hunter activity during these times is negligible 
(Fontaine unpublished data), reducing any potential bias in our sampling effort. Because 
a significant proportion of the year’s pheasant hunting activity occurs on opening 
weekend, we applied increased survey effort from opening day (the last Saturday in 
October) through the following Monday, positioning eight observers at the six sites from 
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30 minutes before sunrise to 30 minutes after sunset. Sites with larger areas (100 + ha) or 
multiple access points were sampled by two observers concurrently on opening weekend. 
After opening weekend, sites were surveyed seven days a week, except in the conditions 
mentioned above, by two observers in six-hour blocks, from 06:00 to 12:00 and from 
12:00 to 18:00, or 30 minutes after sunset. Each site was surveyed approximately four 
times per week. Because more hunting activity occurs on weekends than weekdays, we 
randomized our sampling schedule each week to ensure that sites received an equal 
amount of survey effort on weekends.  
Observers waited at a location from which all access points to a field of interest 
were observable, and actively initiated contact with all vehicles containing potential 
hunters. Once contact was initiated, the observer introduced themselves and explained the 
study objectives. Only parties with at least one individual over the age of 19 were 
included in the study. Once the party gave verbal consent to participate in the study and 
were informed of their rights as study participants, the observer would deploy one GPS 
unit (Garmin Forerunner 225 integrated heart rate monitor/GPS) to one member of the 
party chosen at random from the subset of individuals in the party who expressed their 
willingness to carry the GPS. Following verbal instructions from the observer, the study 
participant would fasten the unit snugly above the wrist bone on their left wrist in direct 
contact with the skin to ensure accurate heart rate measurement (Garmin 2015).  
 The GPS/heart rate monitor units facilitated our assessment of fine-scale hunter 
spatial distribution and physical exertion. The units resembled and attached in a similar 
manner to a wristwatch with a face measuring 45 mm x 48 mm x 16 mm and mass of 54 
grams, thus posing minimal distraction to study participants (Garmin 2015). The optical 
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heart rate sensor constantly monitored the wearer’s pulse by recording the rate at which 
the vein in the back of the wearer’s wrist changed the dimensions of the light beam 
emitted by an LED on the bottom of the unit. GPS units were programmed to collect 
continuous location, or track data, using NAD 83 UTM zone 14N Eastings and 
Northings. The GPS units collected location estimates and heart rate measurements at a 
rate of approximately eight readings per minute.  
 In addition to recruiting hunters at study sites, we placed recruitment fliers at local 
businesses and distributed study information through social media outlets operated by 
NGPC and the Nebraska Fish and Game Association online forum. Recruiting efforts 
directed potential participants to a website which explained the study aims and 
participants’ rights and invited new subjects to participate (trackyourhunt.unl.edu). 
Interested hunters completed a contact form including their names, contact information, 
and dates during which they planned to hunt in the study area. We initiated contact with 
potential participants via phone or email to distribute the GPS unit and use instructions. 
Hunters were instructed to begin recording data when they began their hunt or passed 
inside the field boundaries, and stopped recording data when they finished their hunt or 
left the field boundaries. Data from all participating hunters were downloaded from the 
GPS units after each successful sampling attempt and extracted using Garmin Basecamp. 
All data was stored as de-identified text files indexed by location, date, and time, as well 
as larger files aggregated by location. To prevent bias from activity recorded before or 
after a hunt, points recorded outside the field boundaries were discarded.  
Defining access points. – A hunter’s decision of where to enter a site constrains 
subsequent decisions and influences the overall pattern of interactions with natural 
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systems (Mecozzi and Guthery 2008). We therefore examined social and ecological 
causes of variation in hunter access point selection independent of habitat decisions made 
during the remainder of the hunting trip. We defined the “start” of a hunting trip as the 
first two minutes of activity recorded within the boundaries of a study site. Two minutes 
approximates the time it takes an average adult to traverse a 1-ha study quadrat, traveling 
in a straight, 100-meter line (Knoblauch et al. 1996). All recorded hunters arrived at 
study sites in vehicles. Therefore, only study quadrats 110 meters or less from a road 
were designated access points available to hunters at the start of a hunt.  
 
Public access infrastructure. – As at coarser scales, hunter access point decisions 
may be influenced by the distribution of public access infrastructure. Hunters on foot may 
make increased use of the spaces near roads because roads reduce the time and physical 
difficulty of accessing a space (Stedman et al. 2004). Additionally, hunters on foot are 
subject to laws and social norms which regulate their behavior (NGPC 2016a). “Hunting 
permitted” signs and infrastructure such as trails and parking lots signal to hunters that a 
space may be legally hunted, whereas “No hunting” signs indicate that a space is not 
legally available. We therefore surveyed the locations of transportation infrastructure 
features including roads, parking areas, and public access hunting signs to assess the role 
of public access infrastructure in determining the distribution of hunter activity among 
access points. Our definition of roads included numbered county dirt roads as well as 
trails or “two tracks” created by agricultural activity at the periphery of the study sites. 
We extracted the locations of county roads and highways using the U.S. Census Bureau 
road layer, and digitized unmapped roads from satellite images in Google Earth (Map 
20 
 
data © 2016 Google, U.S. Census Bureau 2016). We classified parking areas as spaces of 
cleared ground where hunters could park vehicles. Parking areas were marked with a 
yellow public access hunting sign. We identified and recorded the locations of all NGPC 
signs, including yellow public access signs and signs marking the 200-yard radius safety 
zone around occupied structures and livestock. We assigned each quadrat a distance to 
road value by calculating the minimum Euclidean distance from any point in the quadrat 
to any road. We then calculated minimum Euclidean distance to a yellow “hunting 
permitted” access sign from each study quadrat. We assessed the magnitude of hunter use 
at access points by overlaying the aggregated GPS tracks on the grid created by the 
quadrats and calculating the number of GPS points per quadrat per year.  
 
 Analysis. – We assessed the effects of infrastructure on hunter access point use in 
the R statistical environment (R Core Team version 3.3.3). Because we were interested in 
the conditional effects of three public access infrastructure features (roads, signs, and 
safety zones) on the magnitude of hunter use access points received, we fit one GLMM 
including a fixed effect of year and nested random effect of site and quadrat ID in 
package glmmADMB (Bolker 2016). We used a negative binomial distribution to 
account for any over-dispersion, and used the number of hunter GPS detections per 
quadrat per year, offset by the area of the quadrat, as the dependent variable. Fixed 
effects included quadrat distance to sign, quadrat distance to road, and a binary variable 
describing whether the quadrat was included in or adjacent to a safety zone around 
occupied structures or livestock. We assessed model fit by calculating mean absolute 
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error and comparing plots of the distribution of hunter GPS observation and the 
distribution of residuals.  
 
Scale 4: Hunter selection of habitat patches within fields 
 Physical exertion. – To quantify the variation in physical exertion within public 
access hunting sites, we created kernel-smoothed pixel images reflecting variation in 
individual heart rate throughout a pheasant hunting trip. Because individual hunters had 
different resting heart rates, we rescaled each heart rate observation as a percent of the 
minimum observed during that trip. We used the smooth function in package SpatStat to 
interpolate scaled heart rate estimates over an observation window defined by the study 
sites surrounded by a 200-m buffer to minimize edge effects (Baddeley et al. 2013). We 
selected our smoothing bandwidth using mean squared error cross validation, which 
smoothed values assuming a non-random clustered, or Cox process arising from GPS 
track data (Berman and Diggle 1989, Baddeley et al. 2013). To prevent a negative bias at 
the edges of the observation window, we used Diggle’s improved edge correction, which 
adjusts estimates at window edges to reflect the estimates closer to the window’s interior 
(Gelfand et al. 2010). We assigned each quadrat a heart rate value by extracting 
smoothed, scaled heart rate point estimates at the center of each study quadrat.  
 
 Fine-scale pheasant distribution. – Hunters may make habitat decisions in the 
course of their hunt in response to both preexisting expectations of where pheasants 
might be, as described above, and to actively updating sensory cues correlating to the 
distribution of prey. To assess the role of pheasant behavior in determining hunter habitat 
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decisions within fields, we monitored the locations of radio and GPS-tagged pheasants. 
As part of an ongoing study of pheasant ecology, we captured male and female pheasants 
by nightlighting (Labisky 1968), fitting each bird with a uniquely numbered aluminum 
band and then recording the capture location, temperature, wind speed, sex, approximate 
age, mass, and other morphological measurements. Females with mass exceeding 500 
grams were fitted with a 22-gram necklace-style A4060 VHF transmitters (Advanced 
Telemetry Systems, Isanti, MN) transmitting a standard 40 ppm signal with an 8-hour, 80 
ppm mortality circuit. In 2016, eight males per site were also fitted with transmitters. 
Bird locations were estimated 3-4 times per week via vehicle-based telemetry from 
September 1 (two months prior to the hunting season) to January 31 (the last day of the 
hunting season). We used a directional peak-null antenna array paired with GPS antenna 
sensor (AirMar G2183, Milford, NH), a digital compass which allowed us to triangulate 
pheasant locations. We rendered locations in the field using LOAS (Location of a Signal 
- Ecological Software Solutions LLC). If a location estimate did not converge or if its 
error ellipse exceeded 0.1 ha, we collected additional bearings to reduce the size of the 
error ellipse. If the error ellipse could not be reduced to < 0.1 ha, we excluded the 
location from the analysis.  
 In 2015, we fitted a subset of females with Lotek PinPoint 450 GPS tags 
packaged with TW51 VHF transmitters, broadcasting at 40 ppm with a 12-hour mortality 
circuit transmitting at 80 ppm. The combined unit weighed <30 grams, and was only 
placed on birds with mass exceeding 600 grams. In 2016, we again fitted a subset of 
females with mass exceeding 600 grams with Lotek PinPoint 450, TW51 GPS-VHF 
units. The GPS tags were programmed to collect points at scheduled intervals from 
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October 15- January 31 in both years. In 2015, we programmed the GPS tags to collect 
one point at 09:00, 12:00, 17:00, and 23:00 CST every day, to capture morning foraging, 
loafing, evening foraging, and roosting times. To optimize satellite reception and battery 
life, in 2016 we programmed the tags to collect one burst of five points once a day on a 
rotating schedule (i.e. day 1: 09:00, day 2: 12:00, day 3: 17:00, day 4: 23:00 CST). To 
minimize spatial and temporal autocorrelation, each burst of points was randomly 
subsampled to extract one location per burst. To prevent pseudo-replication, we sub-
sampled the combined GPS and VHF locations to ensure that we used a maximum of one 
location per individual per day. For example, if an individual had both a triangulation and 
a GPS fix on a given day, we randomly selected either the triangulation or the GPS fix. 
To assess the effects of within-field pheasant spatial distribution on hunter spatial 
decisions, we used the density function in package spatstat to create pixel images of 
kernel-smoothed pheasant detection intensity for 2015 and 2016 (Baddeley et al. 2013). 
Intensity is a relative estimate of the number of occurrences in a point process per unit 
area (Baddeley et al. 2015). Kernel-smoothed intensity estimates included GPS and 
telemetry locations collected between September 1 and January 31 of 2015 and 2016. We 
selected our smoothing bandwidth using a likelihood Cox point process and applied a 
Diggle edge correction to control for negative bias at window edges (Diggle 1985, Diggle 
2003). We assigned study quadrats a smoothed estimate of pheasant detections per 
hectare by extracting the interpolated pheasant point intensity at the center of each study 
quadrat. 
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 Vegetation structure. – Features of the vegetation community such as tall grass or 
forbs can provide cues of pheasant habitat quality, but may also increase the physical 
difficulty of moving through a space. We thus sought to quantify variation in vegetation 
height and functional group composition within the study sites to assess whether variation 
in the vegetation community affected how hunters distributed hunting effort among 
habitat patches. From September to December in 2015 and 2016, we measured vegetation 
height, functional group composition, overhead cover, and horizontal visual obstruction 
to quantify the vegetation profile that hunters encountered (Jorgensen et al. 2013). 
Because vegetation characteristics on the study sites are highly repeatable across years 
(Stuber et al. in prep), we also included vegetation measurements collected from 
September to December 2014 as part of a pilot study. We surveyed vegetation at an 
intensity of 1.24 points per hectare using the Breeding Bird Protocol. We visually 
estimated overhead cover at each point, and then measured horizontal visual obstruction 
by photographing the vegetation obstructing a one-square-meter white vinyl cover board 
at a distance of five meters from each cardinal direction. To minimize “false positives” 
from vegetation casting shadows on the cover board, we conducted vegetation surveys 
from 10:00 to 14:00, when the sun was directly overhead. Visual obstruction was later 
calculated at each point from the photographs by subtracting the amount of white cover 
board blocked by vegetation from the total area of the board in GIMP image processing 
software, and then averaging the amount of the board covered in all four photographs 
(Jorgensen et al. 2013). We measured vegetation height and litter depth at distances of 
one, three, and five meters from the central point. Finally, we visually estimated the 
percent composition of biologically important functional groups (Jorgensen et al. 2014): 
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cool season grasses, warm season grasses, forbs, woody vegetation, crops, and bare 
ground. We characterized variation in vegetation height across study sites by creating a 
smoothed pixel image, as described above. We selected the smoothing bandwidth using 
likelihood cross validation assuming an inhomogeneous Poisson process, allowing the 
smoothing algorithm to adaptively adjust the smoothing bandwidth to reflect the spatial 
and measurement variation between points in a non-random point pattern (Baddeley et al 
2015). As above, we used Diggle’s improved edge correction to prevent negative bias at 
window edges. We assigned study quadrats a smoothed vegetation value by extracting 
the interpolated vegetation height estimate at the center of each study quadrat. 
 
 Land-use. – Hunters may be influenced by the spatial distribution of habitat 
features they associate with pheasant habitat quality or pheasant abundance. Hunters may 
associate crop fields in particular with pheasant foraging resources (Swenk 1930). We 
assessed how the land-uses of the properties adjoining public access hunting sites 
affected how hunters distributed their hunting effort within study sites. To assess how the 
larger landscape matrix influenced hunter decisions within study sites, we categorized the 
land-use of the fields adjoining our study sites as CRP, rangeland or pasture, crop stubble 
(all crops were harvested by the onset of the hunting season), and safety zones around 
occupied structures and livestock enclosures within which hunting is not permitted. We 
assigned each possible starting location a “nearest edge type” by overlaying a satellite 
image classified with our land-use survey data and manually assigned the classification of 
the nearest edge to each study quadrat. Because we were particularly interested in the role 
of crop fields, perceived to be pheasant food sources, in motivating hunter spatial 
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decisions, we also calculated each possible starting location’s minimum distance to any 
crop field. Whereas the types of crops planted changed from 2015 to 2016, the overall 
land-use and transportation matrix did not.  
 
 Analysis. – We fit one model in package glmmADMB (Bolker 2016) to explore 
how the distribution of direct and indirect prey cues, as well as spatial variation in 
metabolic costs, affected hunter use of habitat patches within public access hunting fields. 
As above, we used a negative binomial GLMM to assess variation in the number of 
pheasant hunter GPS detections per quadrat per year offset by the area of the quadrat. 
Fixed effects included pheasant detections per hectare, heart rate, vegetation height, and 
distance to crop fields, as well as study year. The model also included a nested random 
effect of site ID and quadrat ID. We assessed model fit by calculating mean absolute 
error and comparing plots of the distribution of hunter GPS observation and the 
distribution of residuals. 
 
RESULTS 
Scale 1: Habitat selection in response to county-scale variation 
 Hunter counts. – We conducted 62,623 bus routes during the 2014-2016 pheasant 
hunting seasons and counted a total of 6,701 vehicles (Table 2). We surveyed 621 unique 
sites averaging 95.52 ± 3.14 ha of public land per section. Of 1,174 total site-years 
observed, 262 had zero recorded cars. Among sites with greater than zero cars recorded, 
the median number of cars counted per site per year was five. Seventy-four percent of 
27 
 
cars counted were from outside the study region in which they were observed, and 28% 
were from states other than Nebraska (Table 2).  
 
 Hunter interviews. – We interviewed 2,076 parties of public land users during the 
2014-2016 pheasant hunting seasons, 1709 of which were seeking pheasants (Table 2). 
We sampled the greatest proportions of pheasant hunters in the Southwest (50.43% ± 
1.5%) and Rainwater Basin (69.94% ± 5.98%) regions, and on CRP OFW sites (62.49% 
± 9.15%), Waterfowl Production Areas (78.10 % ± 10.09%) and Conservation Partners 
sites (73.41% ± 12.30%). Mean pheasant hunter party size was 2.24 ± 0.03 hunters and 
17% of parties included women and/or youth. Mean pheasant hunter age was 44.63 ± 
0.28 years and parties included a mean of 1.79 ± 0.03 dogs. Pheasant hunting parties 
statewide traveled a mean distance of 298.69 ± 14.69 km and 51% of pheasant hunters 
interviewed had hunting access on private land. The minimum distance traveled by any 
member in a pheasant hunting party was lower for parties that had private access (185.26 
± 18.45 km) than for those that did not (313.76 ± 20.03 km). Among hunting parties in 
which at least one member had traveled less than 59 km, the first quartile of distance 
traveled, 61% of parties interviewed had private land access. Among parties where the 
minimum distance traveled by any party member exceeded 341 km, the third quartile, 
41% of parties had private land access. Interviewed parties visited an average of 1.07 ± 
0.04 other sites on the day they were interviewed. Pheasant hunting parties saw a mean of 
4.54 ± 0.21 roosters, and 41% of parties harvested at least one rooster. Parties which 
harvested at least one rooster harvested a mean of 2.06 ± 0.10 roosters.  
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 Population and infrastructure. – Road density and population density were 
greatest in the Platte River region, where distance to metropolitan area was also lowest. 
Population density and road density were lowest in the North Panhandle Region, where 
distance to metropolitan area was highest (Table 4).  
 
 Pheasant abundance and land-use. – Pheasant abundance was consistently an 
order of magnitude higher in the Southwest region than in any other region. The 
Southeast region had the highest concentration of CRP, while the Rainwater Basin had 
the highest concentrations of row crops and wetlands (Table 5).  
 
Social and ecological factors influenced the likelihood of observing >0 pheasant 
hunter use at a given site-year (Table 7). The likelihood that a site experienced >0 
pheasant hunter use in a study year was positively correlated with percentage county in 
row crops (post. mean = 0.21, 2.5% CI = 0.15, 97.5% CI = 0.27) and negatively 
correlated with percentage county in wetlands (post. mean = -2.12, 2.5% CI = -3.03, 
97.5% CI = -1.30). Likelihood of observing >0 pheasant hunter use was positively 
correlated with road density (post. mean = 198.98, 2.5% CI = 72.87, 97.5% CI = 333.82) 
and distance to metropolitan area (post. mean = 0.03, 2.5% CI = 0.01, 97.5% CI = 0.04). 
Mean absolute error for the binomial model was 0.31 for a range of [0,1] (Figure 2).  
 County-scale ecological and infrastructure variation influenced the magnitude of 
pheasant-hunting use a site received (Table 8). Estimated pheasant hunting trips per site 
per year were positively correlated with pheasant abundance (post. mean = 0.58, 2.5% CI 
= 0.08, 97.5% CI = 1.10) and distance to metropolitan area (post. mean = 0.02, 2.5% CI = 
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0.00, 97.5% CI = 0.04). Estimated pheasant hunting trips per site per year were also 
positively correlated with row crop percentage (post. mean = 0.08, 2.5% CI = 0.02, 
97.5% CI = 0.15), and more strongly correlated with county CRP enrollment (post. mean 
= 0.26, 2.5% CI = 0.08, 97.5% CI = 0.43) and wetland coverage (post. mean = 1.73, 2.5% 
CI = 0.79, 97.5% CI = 2.67). Mean absolute error was 2.99 for a response range of (0, 52] 
(Figure 3). 
 
Scale 2: Site selection in response to within-county habitat variation 
 Hunter counts. – We conducted 14,324 bus route counts in the Southwest region 
in the 2014-2016 hunting seasons (Table 2). We surveyed 104 unique sites averaging 
91.74 ± 4.58 ha in area (Table 1). The median number of cars counted per site per year 
was three and 51 site-years had zero recorded cars.  
 Hunter interviews. – We conducted 615 interviews in the Southwest study region 
during the 2014-2016 hunting seasons, 327 of which were with pheasant hunters (Table 
2). Fifty-four percent of pheasant hunters interviewed stated that they were staying in 
paid lodging, with an additional 26% staying “at home” (Table 9). Sixty-three percent of 
hunters reported discovering the site at which they were interviewed through the Public 
Access Atlas, either online or on paper (Table 10), and 24% percent report choosing the 
site at which they were interviewed according to perceived pheasant habitat quality or 
pheasant abundance (Table 11).  
Hunter use of sites within the Southwest region was positively correlated with 
percent row crop in a 10-km radius (post. mean = 0.28, 2.5 % CI = 0.06, 97.5% CI = 
0.50; Table 13). Pheasant hunter use of WMA sites was lower than pheasant hunter use 
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of CRP sites (post. mean = -2.66, 2.5 % CI = -5.32, 97.5% CI = -0.06). We did not 
observe a relationship between wetland coverage, CRP coverage, road density, or 
distance to town and pheasant hunter use at sites in the Southwest region. Mean absolute 
error was 2.99 for a range of [0, 22.57] (Figure 4).  
 
Scale 3: Access point selection 
In 2015 and 2016 pheasant hunting seasons, we recorded 132 geo-referenced 
heart rate tracks at seven sites in the Southwest study region. We observed 510 access 
point-years of mean area = 0.74 ± 0.1 ha which received a mean of 1.36 ± 0.24 minutes 
of hunting effort per hectare per year. Pheasant hunter use of access points was negatively 
correlated with distance from public access signs (estimate = -0.01, p-value <0.001, Z = -
6.72) and distance from roads (estimate = -0.03, p-value <0.001, Z = -3.62). Spaces 
which were included in or adjacent to the 200-yard radius safety zone around livestock or 
occupied structures received less use than spaces which were not included in or adjacent 
to safety zones (estimate = -2.89, p-value <0.001, Z = -2.98; Table 15, Figure 5). Mean 
absolute error was 2.26 for a range of [0, 113] (Figure 6).  
 
Scale 4: Hunter selection of habitat patches within fields 
Pheasant capture. – We captured 339 pheasants from 2014-2016, and fitted radio 
or GPS transmitters to 241. Not all individuals captured received radio collars, due to 
insufficient weight, collar distribution protocol, and escape during handling (Table 16). 
We recorded 1,317 unique pheasant locations within the boundaries of the study sites 
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between September 1 and January 31 of 2015 and 2016. We estimated a mean of 1.08 ± 
0.05 pheasant detections per hectare per pheasant season.  
 
Hunters spent a mean of 54.65 ± 2.76 minutes in the field. We observed 1,165 
habitat patch-years of mean area 0.84 ± 0.01 ha which received a mean of 8.05 ± 0.57 
minutes of hunter use per hectare per year. Pheasant hunter use of spaces within public 
access hunting fields was negatively correlated with distance to crop fields (estimate = -
0.002, p-value < 0.001, Z = -13.21), vegetation height (estimate = -0.01, p-value <0.001, 
Z = -5.36) and heart rate (estimate = -0.01, p-value <0.001, Z = -4.92). Hunter use was 
positively correlated with pheasant detections per hectare (estimate = 0.14, p-value < 
0.001, Z = 5.06; Table 18, Figure 7). Mean absolute error was 35.67 for a range of [0, 
471] (Figure 8).  
 
DISCUSSION 
Variation in hunter behavior within regulatory structures creates significant and 
counter-intuitive outcomes for game populations, including reduced reproductive success 
and the evolution of maladaptive life histories (Allendorf and Hard 2009, Leclerc et al. 
2017). Wildlife managers have recently begun attempting to mitigate the unintended 
consequences of hunter behavioral patterns (Turner et al. 2016), but little is known about 
how hunters make the hierarchical series of habitat decisions that result in multi-scale 
patterns of anthropogenic predation risk. Here we provide an examination of a 
hierarchical hunter habitat decision process at multiple spatial scales. Nebraska pheasant 
hunters responded to direct and indirect cues of pheasant abundance when choosing a 
region and site in which to hunt, and while moving through fields during their hunt. 
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Hunters chose access points which provided cues of public land accessibility, and chose 
spaces within fields where correlates of metabolic cost were lower. Our finding that 
hunters use information on prey abundance, public land accessibility, and metabolic cost 
at multiple spatial scales demonstrates that humans, like other animals, use varying 
sources of information when making hierarchical habitat decisions. Our results further 
suggest that wildlife managers can mitigate the unintended demographic and evolutionary 
consequences of hunting on game populations while maintaining hunter trip quality by 
managing the information available to hunters. 
At the state and region scales, we demonstrate the potential for scientific 
communication to influence hunter spatial decisions and, consequently, the ecology and 
economies of hunted systems. Pheasant hunter habitat use was positively associated with 
pheasant abundance at the state scale; however, it is unlikely that hunters assessed 
pheasant populations directly. Most vehicles, 74%, counted during the 2014-2016 
hunting seasons, had non-local or out-of-state license plates. Given that the average small 
game hunter spends only 11 days per year afield, and nearly $4000 per year on 
equipment, travel and other hunting expenses (U.S. Department of the Interior et al. 
2011), it would be quite costly in both time and money for an individual hunter to assess 
pheasant populations across the state first-hand. It is much more plausible that hunters 
choose a region in which to hunt according to information about pheasant populations 
distributed by NGPC through official publications and websites, or through hunter social 
networks. NGPC has made information about spatial variation in relative pheasant 
abundance widely available, and hunter distribution across the state reflects variation in 
pheasant abundance as communicated by NGPC. Indeed, the pheasant abundance data 
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used in the analysis above is available to hunters through the annual Upland Outlook 
(NGPC 2016c). Additionally, a thematic map based on a recent pheasant distribution 
model (Jorgensen et al. 2014) is available to hunters at an NGPC website under a heading 
entitled “Where to hunt for pheasants” (NGPC 2016e). Even if hunters rely on social 
networks rather than accessing information directly from NGPC, many popular hunting 
forums, magazines, and websites publish pheasant abundance information they acquire 
through interviews with NGPC personnel (Wszola pers. Communication). Whereas 
further investigation is necessary to establish causality between communication of game 
animal spatial distributions and hunter spatial distributions, our results suggest that 
natural resources agencies may be able to influence the spatial distribution of hunting 
effort by communicating information about spatial variation in the relative abundance of 
game animals. The ability to influence hunter spatial decisions at the state and region 
scale would further confer the ability to influence the ecological effects and economic 
benefits hunting creates for rural communities.  
We found that Southwest Nebraska was among the most popular destinations for 
pheasant hunting in Nebraska, a status it has maintained for nearly a decade (NGPC 
personal communications). Throughout our study, the Southwest not only ranked as the 
area of the state with the greatest abundance of pheasants, it was also regularly 
highlighted as such in popular hunting magazines and numerous press releases by NGPC 
(personal observation). Although the Southwest study region hosts a robust pheasant 
population, it is far from the only pheasant hunting opportunity in the state. Furthermore, 
pheasant hunting opportunities certainly do not end after the first two weeks of the 
season, during which the majority of a given year’s hunting pressure occurs. The high 
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spatial and temporal clustering of pheasant hunters in the Southwest region at the 
beginning of the pheasant season is likely suboptimal both for a pheasant population that 
must contend with a sudden burst of predation risk (Lima and Bednekoff 1999), and for a 
rural economy which would be better served by a more sustained influx of visitors 
(Swinton et al. 2007). If the interest of state agencies such as NGPC is to encourage a 
more biologically and economically optimal distribution of pheasant hunting effort, 
showcasing other areas of the state as pheasant hunting destinations or highlighting late-
season hunting opportunities may be an effective management tool. We must, however, 
admit that the correlation between actual pheasant populations and NGPC 
communication strategies may confound our detection of the ‘cue’ hunters use to choose 
where to hunt, as it is possible that hunters are themselves measuring pheasant 
abundance.  
 Our finding that the distribution of CRP enrollment predicts hunter site use at the 
state and region scales indicates that hunters acted not only on information about the 
distribution of pheasants, but also on the distribution of habitat features they have been 
primed to associate with pheasant abundance. Pheasant hunter use of sites was positively 
correlated with the percentage of CRP coverage in a county. In the Southwest study 
region, CRP sites enrolled in OFW received more pheasant hunting trips per site per year 
than sites in the three Southwest multi-use WMA’s. CRP enrollment is positively 
associated with pheasant abundance at multiple spatial scales (Jorgensen et al. 2014, 
Hiller et al. 2015, Pabian et al. 2015). Moreover, hunters perceive that CRP is beneficial 
to pheasant populations (Anderson and David 1998). Higher pheasant hunter use of CRP 
sites therefore likely indicates that hunters are selecting habitat they expect to be 
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positively associated with prey abundance. Information about the relationships between 
CRP enrollment and pheasant population sizes is dispersed widely through the pheasant 
hunting community by organizations like Pheasants Forever, a national sportsman group 
that engages in direct pheasant habitat conservation efforts and political action to increase 
the area of land in the United States enrolled in CRP (Lucas 2013, Pheasants Forever). 
Information about the size and location of OFW CRP properties is widely distributed by 
NGPC through the Public Access Atlas, allowing hunters to identify and plan to visit 
specific sites according to the habitat available (NGPC 2016d). Indeed, 61% of pheasant 
hunters interviewed in the Southwest region stated that they discovered the site at which 
they were interviewed through the Public Access Atlas, and 22% of hunters stated that 
they chose the site because of either target species abundance or habitat quality. An 
additional 27% stated that they chose the property at which they were interviewed 
because it was enrolled in OFW. Greater hunter use of CRP sites does not indicate that 
CRP is the only suitable pheasant habitat on the landscape, but rather suggests that 
pheasant hunters chose sites from a land-use category that provided cues of prey 
abundance. Pheasant hunters’ increased use of sites which they associate with pheasant 
abundance at multiple scales creates the potential for conservation practitioners to 
influence pheasant hunter spatial decisions at multiple spatial scales by strategically 
communicating wildlife-habitat relationships. If it is advantageous for hunters to increase 
use of under-utilized access opportunities (i.e. small grain stubble management OFW 
sites), NGPC could begin to integrate these spaces into hunting culture and tradition by 
publishing short science communication pieces on the benefits of small grains to 
pheasants, or experiential blog pieces about hunting in stubble fields. 
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Once hunters have selected a site, they continue to use information communicated by 
NGPC to access their chosen hunting opportunity. Hunter use of access points was 
negatively correlated with distance from public access hunting signs and roads. 
Additionally, access points included in or adjacent to 200-yard radius safety zones around 
occupied structures and livestock received less use than spaces not included in or 
adjacent to safety zones. The positive relationship between hunter habitat use and sign 
placement indicates that infrastructure development, which has been extensively 
demonstrated to affect angler site choice at multiple spatial scales (Hunt 2005), may also 
affect hunter habitat use at fine spatial scales. Reduced hunter use in safety zones further 
suggests that hunters responded not only to the placement of public access signs, but also 
to the content of the signs. The public access hunting signs are bright yellow whereas the 
safety zone signs are white, enabling hunters to distinguish between types of signs at a 
distance. Pictures of all public access signs and explanations of their meaning are 
available in the Public Access Atlas, creating the opportunity for hunters to learn the 
meaning of the various signs before arriving in the field. Hunters navigating landscapes 
with high concentrations of private land face legal and social pressures to adhere to signs 
indicating which lands may or may not be hunted (Sigmon 2004). Increased hunter use of 
spaces near public access signs and decreased use of spaces in and adjacent to safety 
zones suggests that landscape-scale social pressure also manifests in fine-scale hunter 
habitat decisions. Our finding that pheasant hunter space use declines with increasing 
distance from roads corroborates previous evidence that transportation infrastructure 
affects natural resource user behavior (Trombulak and Frissel 2000, Havlick 2002). All 
observed hunters arrived at the sites in vehicles, and hunters tend to make increased use 
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of the spaces near their access point (Brøseth and Pedersen 2000). Increased hunter use of 
starting locations closer to roads raises the question of whether consumptive and non-
consumptive effects of hunting are similarly distributed, and implies that hunter behavior 
may be managed by strategically deploying cues of public land accessibility.  
 Our assessment of fine-scale hunter movement within public access fields 
indicates that hunters, like other predators, make tradeoffs between foraging costs and 
cues of prey abundance when choosing spaces on their foraging trip. Seventy percent of 
hunters in this system hunt with at least one dog. Dogs use olfactory cues to locate target 
objects, including upland game birds (Furton 2001). Upland hunters with dogs display 
altered movement patterns in the presence of targeted game birds, suggesting that the 
positive relationship between pheasant distribution and hunter may result from hunting 
dogs detecting and moving toward pheasant olfactory cues (Mecozzi and Guthery 2008, 
Richardson et al. 2008). However, dogs will disregard their own olfactory perceptions 
when directed by a familiar human to change their search behavior (Hare and Tomasello 
1999, Szetei et al. 2003). Hunter use was negatively correlated with distance from crop 
fields, which hunters perceive to provide food resources for upland game birds (Schultz 
et al. 2003). Hunters communicate this information to one another in person and online 
through hunting forums and blog posts (e.g., 10 Pheasant Hunting Tips, Five Pheasant 
Hunting Tips For Beginners, Pheasant Hunting Tips, Pheasant Hunting Tips from The 
Experts). Our results suggest that pheasant hunters in Southwest Nebraska are making 
fine-scale habitat decisions in response to both their expectations of pheasant distribution 
and by actively seeking pheasants using the distribution of prey cues.  
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 Pheasant hunter use was negatively correlated with heart rate and vegetation 
height. Heart rate is a well-established correlate of physical exertion (Karvonen and 
Vuorimaa 1988). Decreased hunter use of spaces with higher smoothed heart rate values 
may therefore indicate that pheasant hunters, like other predators, chose spaces which 
were less physically costly to traverse. Likewise, tall vegetation may impede hunter 
movement, exacting a metabolic and time cost from hunters. Decreased hunter use of 
spaces with tall vegetation therefore likely indicates that hunters chose spaces which 
imposed a smaller metabolic cost. Tall vegetation may additionally impede dog 
movement or disrupt olfactory cues, reducing the likelihood that hunters following dogs 
will use spaces with taller vegetation.  
Hunters moving through public access fields responded to direct and indirect cues of 
pheasant abundance, but their spatial decisions were constrained by their preference for 
starting locations that provided cues of public land access. Our results suggest that 
managers may be able to shape hunter-prey interactions by managing cues of public land 
access. Managing hunter behavior is an issue of particular focus for state game agencies 
(Festa-Bianchet et al. 2014) and is becoming increasingly relevant to the management of 
pheasant populations as our awareness of how pheasant hunting affects pheasant 
populations increases. Although pheasant harvest is limited to males, female pheasants 
still experience costs from hunting. Hen pheasants on public hunting sites increase the 
size and shift the center of their home ranges at the onset of the hunting season, while 
hens on private sites that receive relatively little hunting pressure do not (Messinger 
2015). The displacement and increased movement of females exposed to hunting results 
in measurable population consequences including decreased egg volume and nest 
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initiation attempts (Fontaine et al. in prep), which state agencies would presumably like 
to minimize. Unfortunately, mitigating the unintended consequences of pheasant hunting 
is challenging because dynamic agricultural markets and land-use regimes increasingly 
limit the habitat pheasants can occupy, as well as the places hunters choose to pursue 
pheasants. For example, we have shown CRP to be a favored habitat for pheasant 
hunters. Since 2007, CRP enrollment in Nebraska has steadily declined (Hiller et al. 
2015, Fontaine et al. 2017) with negative consequences for pheasant populations (Ryan et 
al. 1998). Declining CRP enrollment also has consequences for pheasant hunters, who 
consequently have fewer preferred places to hunt. To offset the consequences for hunters 
in Nebraska, NGPC has focused on increasing hunter access to CRP by increasing 
landowner incentives in priority landscapes such as the Southwest. The outcome is that a 
higher and higher proportion of CRP in the Southwest is enrolled in open access. 
Although ostensibly good for pheasant hunters, the consequences for pheasant 
populations of fewer highly productive habitats receiving ever increasing hunting 
pressure are less clear. On the modern upland hunting landscape, the habitat created 
through incentive programs like CRP is essential to ensuring that future generations have 
the opportunity to hunt wild pheasants. The challenge is engineering public lands to 
provide the maximum benefit in terms of both wildlife habitat and recreation.  
 Although it may not be possible to overcome the increasingly limited availability of 
CRP, our findings suggest that it may be possible to limited some of the unintended 
consequences of increasing hunting pressure on these finite habitats. By encouraging 
fine-scale changes in hunter behavior, managers may be able to “nudge” hunters toward a 
more optimal spatial distribution of hunting pressure (Jolls et al. 1998, Leonard 2008). 
40 
 
For example, hen pheasants displaced by hunting will often return to the same fields to 
nest (Messinger 2015, Laskowski 2014). If the manager of a state or federally owned 
property has identified part of the property as prime pheasant nesting habitat, that 
manager may be able to direct hunting activity away from the nesting habitat by 
strategically closing some roads during the first days of the hunting season to redistribute 
hunting pressure away from those spaces where it is important to reduce stress on female 
birds. Likewise, managers of leased lands such as OFW properties may be able to 
influence hunter distribution by strategically distributing public access signs.  
The distribution of hunting effort by Nebraska pheasant hunters reflects the 
distribution of information about public land accessibility and pheasant abundance at 
multiple spatial scales. As the amount of suitable land available to both pheasants and 
pheasant hunters decreases, it will become increasingly essential to effectively manage 
available land for maximum habitat and recreational value. Strategic communication of 
public land accessibility and species-habitat relationships may nudge hunters toward 
ecologically and economically optimal distributions of hunting activity, decreasing the 
unintended consequences of pheasant hunting while maintaining hunting opportunity.  
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Table 1: Distribution of land ownership categories (Nebraska Game and Parks Commission, Conservation Partners Lands, 
United States Fish and Wildlife Service, Open Fields and Waters, United States Forest Service, Natural Resource Districts, 
and U.S. Army Corps of Engineers) surveyed. Counts are broken down by study region and arranged by study year. 
Study year Region  NGPC Partners USFWS OFW USFS NRD USACE 
2014 Harlan  0 0 0 4 0 0 51 
2015 Harlan  0 0 0 5 0 0 50 
2016 Harlan  0 0 0 7 0 0 51 
2014 N. Panhandle  25 0 0 40 19 0 0 
2015 N. Panhandle  24 0 0 41 20 0 0 
2016 N. Panhandle  25 0 0 40 20 0 0 
2015 Platte River  39 0 0 2 0 0 0 
2014 Rainwater Basin  20 7 41 2 0 0 0 
2015 Rainwater Basin  20 7 41 2 0 0 0 
2016 Rainwater Basin  20 7 41 1 0 0 0 
2014 S. Panhandle  12 15 0 59 0 0 0 
 2014 Southeast  21 0 0 64 0 3 0 
2015 Southeast  25 0 0 55 0 4 0 
2016 Southeast  21 0 0 55 0 3 0 
2014 Southwest  35 0 0 56 0 0 0 
2015 Southwest  32 0 0 44 0 0 0 
2016 Southwest  37 0 0 49 0 0 0 
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Table 3: Sample sizes and origin distribution of cars counted on bus routes during the 2014-2016 
pheasant hunting seasons. Counts are broken down by study region and arranged by study year. 
Study year Region Total Local Non-local Out-of-state Unknown 
2014 Harlan 420 69 248 93 0 
2015 Harlan 604 133 354 119 0 
2016 Harlan 595 154 274 169 1 
2014 N. Panhandle 143 42 29 57 0 
2015 N. Panhandle 277 40 81 145 10 
2016 N. Panhandle 238 31 58 139 14 
2015 Platte River 316 248 49 17 13 
2014 Rainwater Basin 342 87 219 32 0 
2015 Rainwater Basin 425 90 270 49 16 
2016 Rainwater Basin 328 79 200 28 21 
2014 Southeast 402 83 254 52 0 
2015 Southeast 535 129 303 79 19 
2016 Southeast 524 72 308 103 7 
2014 S. Panhandle 153 104 1 37 0 
2014 Southwest 379 116 70 177 0 
2015 Southwest 545 193 89 267 31 
2016 Southwest 547 103 79 349 21 
Table 2: Sample sizes of bus routes conducted, interviews collected, and percent of interviews which were 
with pheasant hunters during the 2014-2016 pheasant hunting seasons. Counts are broken down by study 
region and arranged by study year. 
Study year Region Bus routes conducted Number of interviews % Pheasant hunters 
2014 Harlan 2483 78 3.35 
2015 Harlan 2879 62 15.31 
2016 Harlan 3081 76 10.15 
2014 N. Panhandle 3784 47 4.76 
2015 N. Panhandle 3853 102 0.35 
2016 N. Panhandle 3538 115 0.00 
2015 Platte River 1256 51 16.94 
2014 Rainwater Basin 4103 50 69.94 
2015 Rainwater Basin 4475 111 60.09 
2016 Rainwater Basin 2630 108 80.79 
2014 S. Panhandle 4479 11 22.77 
2014 Southeast 4433 119 14.80 
2015 Southeast 3337 197 25.38 
2016 Southeast 4048 204 32.02 
2014 Southwest 4835 74 50.43 
2015 Southwest 4254 263 55.52 
2016 Southwest 5235 278 51.99 
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Table 4: Distance to metropolitan areas, hectares of public land available, average population density (people per ha), and 
average road density (km per ha). Covariates are broken down by study region and arranged by study year. 
Study year Region Distance to metro (km) Area of public land (ha) Population density Road density 
2014 Harlan 127.64 1002444.12 0.02 0.01 
2015 Harlan 128.17 1006418.92 0.02 0.01 
2016 Harlan 127.36 1014910.40 0.02 0.01 
2014 N. Panhandle 181.89 4523124.99 0.01 0.01 
2015 N. Panhandle 182.27 4315187.69 0.01 0.01 
2016 N. Panhandle 181.78 4281330.52 0.01 0.01 
2015 Platte River 105.55 92832.78 0.12 0.02 
2014 Rainwater Basin 58.08 231145.90 0.04 0.02 
2015 Rainwater Basin 57.48 237358.96 0.06 0.02 
2016 Rainwater Basin 57.86 226077.14 0.04 0.02 
2014 S. Panhandle 86.16 988052.20 0.08 0.02 
2014 Southeast 78.09 354600.36 0.05 0.02 
2015 Southeast 78.45 285653.06 0.05 0.02 
2016 Southeast 76.78 250043.59 0.06 0.02 
2014 Southwest 233.44 986636.27 0.02 0.01 
2015 Southwest 233.92 642963.02 0.02 0.01 
2016 Southwest 234.61 793173.27 0.02 0.01 
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Table 5: Pheasant relative abundance (average pheasants counted per 10 km driven in rural mail carrier survey), and percent coverage of 
biologically significant land-use categories. Estimates are broken down by study region and arranged by study year. 
Study year Region Pheasants per 10 km % Row crop % CRP % Grass % Grain % Trees % Wetland 
2014 Harlan 0.02 29.00 3.00 46.00 9.00 2.00 0.00 
2015 Harlan 0.05 29.12 3.07 45.63 8.86 2.21 0.00 
2016 Harlan 0.03 29.00 3.00 46.00 9.00 2.00 0.00 
2014 N. Panhandle 0.04 1.65 0.35 86.52 1.06 4.48 0.65 
2015 N. Panhandle 0.01 1.66 0.34 86.63 1.02 4.37 0.66 
2016 N. Panhandle 0.05 1.68 0.32 86.74 0.97 4.26 0.68 
2015 Platte River 0.03 41.95 0.40 40.74 1.19 4.63 0.16 
2014 Rainwater Basin 0.02 62.42 0.13 20.39 3.74 2.48 2.33 
2015 Rainwater Basin 0.04 62.01 0.20 20.56 3.71 2.54 2.30 
2016 Rainwater Basin 0.02 62.32 0.13 20.49 3.74 2.49 2.34 
2014 S. Panhandle 0.02 12.15 9.73 66.18 2.17 1.44 0.87 
2014 Southeast 0.02 22.00 14.52 40.35 2.58 10.99 0.00 
2015 Southeast 0.07 21.98 14.40 40.52 2.67 10.89 0.00 
2016 Southeast 0.02 23.47 13.62 39.82 2.78 10.77 0.00 
2014 Southwest 0.25 10.81 2.69 58.11 20.91 1.89 0.00 
2015 Southwest 0.65 10.79 2.72 58.08 20.94 1.88 0.00 
2016 Southwest 0.21 10.73 2.74 58.05 20.99 1.90 0.00 
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Table 6: Correlations of county-scale covariates used in state-scale models assessing the relationship between socio-ecological variation and the number of 
pheasant hunting trips per site per year.   
Relative pheasant 
abundance 
% Row crop  % CRP % Wetland  Road 
density 
Population 
density 
Distance to 
metropolitan area 
Area of 
public land 
Number 
of sites 
Relative pheasant 
abundance 
1.00 . . . . . . . . 
% Row crop -0.28 1.00 . . . . . . . 
% CRP -0.08 -0.24 1.00 . . . . . . 
% Wetland -0.23 0.66 -0.39 1.00 . . . . . 
Road density  -0.11 0.59 0.20 0.40 1.00 . . . . 
Population density  -0.15 0.27 0.06 0.02 0.30 1.00 . . . 
Distance to metro 
area 
0.61 -0.69 -0.32 -0.46 -0.57 -0.35 1.00 . . 
Area of public land  -0.14 -0.53 -0.35 0.02 -0.57 -0.27 0.37 1.00 . 
Number of sites 0.43 -0.25 -0.13 -0.10 0.00 -0.34 0.45 0.17 1.00 
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Table 7: Posterior means and 95% credible intervals for a binomial Bayesian regression 
assessing the likelihood that a public access hunting site received greater than zero 
estimated pheasant hunting trips per year in response to county-scale socio-ecological 
variation during the 2014-2016 pheasant hunting seasons. Credible intervals which do not 
overlap 0 are highlighted in bold. 
 Posterior mean 2.5% CI 97.5% CI 
Intercept (study year 2014) -9.02 -13.10 -5.00 
Relative pheasant abundance -0.15 -0.59 0.25 
% county covered by row crops 0.21 0.15 0.27 
% county covered by CRP 0.09 -0.06 0.23 
% county covered by wetlands -2.12 -3.03 -1.30 
Road density (km per ha) 198.98 72.87 333.82 
Population density (people per ha) -8.34 -19.55 2.10 
Number of public access sites in county 0.02 -0.01 0.05 
Average county distance to metro  0.03 0.01 0.04 
Study year 2015 0.41 -0.26 1.09 
Study year 2016 -0.83 -1.49 -0.23 
Table 8: Posterior means and 95% credible intervals for a gamma-distributed Bayesian 
regression assessing county-scale socio-ecological causes of variation in the number of 
pheasant hunting trips per year public access sites received during the 2014-2016 pheasant 
hunting seasons.  Credible intervals which do not overlap 0 are highlighted in bold. 
 Posterior mean 2.5% CI 97.5% CI 
Intercept (study year 2014) -4.48 -10.11 1.14 
Scaled pheasant abundance index 0.58 0.08 1.10 
% county covered by row crops 0.08 0.02 0.15 
% county covered by CRP 0.26 0.08 0.43 
% county covered by wetlands 1.73 0.79 2.67 
Road density (km per ha) 13.46 -142.80 167.40 
Population density (people per ha) 3.79 -14.15 22.35 
Number of public access sites in county 0.00 -0.04 0.03 
Average county distance to metro (km) 0.02 0.00 0.04 
Study year 2015 1.34 0.60 2.10 
Study year 2016 2.50 1.77 3.26 
Table 9: Lodging sources reported by pheasant hunting parties in the Southwest study 
region during the 2014-2016 pheasant hunting seasons. 
Lodging source     Number of interviews 
Camping 22 
Family or friend home 41 
Home 84 
Hotel, B&B, etc. (paid for lodging) 178 
Other 4 
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Table 10: Site discovery methods reported by pheasant hunting parties in the 
Southwest study region during the 2014-2016 pheasant hunting seasons. 
Site discovery method Number of interviews 
Friend/Family 41 
Happened upon while driving 21 
NGPC contact (biologist, conservation officer, etc.) 10 
Online/mobile app of public access map 17 
Public Access Atlas 190 
Tradition (i.e., I've always hunted this site) 44 
Other 6 
Table 11: Site choice reasons reported by pheasant hunting parties in the Southwest 
study region during the 2014-2016 pheasant hunting seasons. 
Stated reason for site choice Number of interviews 
Close to home 19 
Habitat quality 41 
Isolated/low hunting pressure 5 
Proximity to other hunting sites 19 
Public access 91 
Recommended (by NGPC, friend, etc.) 28 
Someplace new 8 
Target species abundance  38 
Tradition (i.e., I've always hunted this site) 70 
Weather 1 
Other 9 
Table 12: Correlations of covariates used in the model assessing socio-ecological causes of variation in 
pheasant hunter use of public access hunting sites within the Southwest study region. Wetland coverage, 
row crop coverage, and number of sites are calculated within a 10-km radius. 
 % Wetland % Row crop % CRP  Road density  
Sites in 
10 km 
Distance 
to town  
% Wetland 1.00 . . . . . 
% Row crop -0.48 1.00 . . . . 
% CRP -0.06 0.08 1.00 . . . 
Road density  0.18 -0.05 -0.23 1.00 . . 
Sites in 10 km -0.18 -0.20 -0.24 -0.14 1.00 . 
Distance to town (km) -0.34 -0.14 -0.54 -0.21 0.52 1.00 
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Table 15: Summary of the negative binomial mixed effects model assessing the effects of public lands 
infrastructure placement on variation in the distribution of pheasant hunter access point use at seven public 
access sites in the southwest study region.  Each coefficient is presented with its associated estimate, 
standard error, Z value and level of significance. Significant effects are highlighted in bold.  
 Estimate Std. Error Z value Pr(>|z|) 
Intercept (study year 2015, 
not in safety zone) 
1.37 0.74 1.85 0.06 
Study year 2016 -0.60 0.34 -1.80 0.07 
Distance to sign (m) -0.01 0.00 -6.72 <0.001 
Distance to road (m) -0.03 0.01 -3.62 <0.001 
Safety zone -2.89 0.97 -2.98 <0.001 
Table 13: Posterior means and 95% credible intervals for the gamma-distributed 
Bayesian regression assessing socio-ecological causes of variation in pheasant hunter 
use of public access hunting sites in the Southwest study region during the 2014-2016 
pheasant hunting seasons. Credible intervals which do not overlap zero are highlighted 
in bold.  
Posterior mean 2.5% CI 97.5% CI 
Intercept (study year 2014, access type CRP) -2.68 -11.05 5.38 
% 10 km radius covered by wetlands 0.92 -1.29 3.03 
% 10 km radius covered by row crops 0.28 0.06 0.50 
% 10 km radius covered by CRP 0.31 -0.27 0.91 
Access type = WMA -2.66 -5.32 -0.06 
Study year 2015 1.06 -0.02 2.08 
Study year 2016 1.03 -0.02 2.06 
Road Density (km per ha) 74.72 -37.59 174.72 
Distance to town (km) 0.02 -0.24 0.26 
Number of sites in 10 km radius -0.19 -0.67 0.29 
Table 14: Correlation of covariates used in the model assessing the effects of 
variation in public access infrastructure on pheasant hunter use of access points at 
public access hunting sites. 
 Distance to sign Distance to road Safety zone 
Distance to sign 1.00 . . 
Distance to road 0.02 1.00 . 
Safety zone -0.13 0.05 1.00 
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Table 16: Number of pheasants captured and collared from 2014 – 2016. Counts are 
broken down by sex and arranged by study year. 
Capture year Sex Number captured Number collared 
2014 F 72 68 
2015 F 62 59 
2016 F 46 45 
2014 M 74 0 
2015 M 48 32 
2016 M 37 37 
Table 17: Correlations of covariates used in the model assessing the effects of prey distribution and 
metabolic costs on pheasant hunter use of habitat patches within public access hunting fields.  
 Distance to crop Vegetation height Heart rate Pheasant detections 
Distance to crop  1 . . . 
Vegetation height  0.11 1 . . 
Heart rate -0.13 -0.23 1 . 
Pheasant detections  -0.15 -0.07 0.01 1 
Table 18:  Summary of the negative binomial mixed effects model assessing the effects of variation in 
direct and indirect cues of pheasant abundance and correlates of metabolic cost on variation in the 
distribution of pheasant hunter habitat patch use at seven public access sites in the southwest study region.  
Each coefficient is presented with its associated estimate, standard error, Z value and level of significance. 
Significant effects are highlighted in bold. 
 Estimate Std. Error Z value Pr(>|z|) 
Intercept (year 2015) 6.26 0.52 11.93 < 0.001 
Year 2016 -0.23 0.08 -2.83 <0.001 
Distance to crop (m) -1.99e-3 1.50e-4 -13.21 < 0.001 
Vegetation height (cm) -0.01 2.63e-3 -5.36 <0.001 
Heart rate (% of minimum) -0.01 2.78e-3 -4.92 <0.001 
Pheasant detections per ha 0.14 0.03 5.06 <0.001 
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WMA Stubble OFW CRP OFW 
Figure 1: Hunter survey study regions were chosen to represent the diverse socio-ecological conditions found in the state of Nebraska (a). The Southwest study 
region contains four towns and a variety of public land uses (b). 
(a) 
(b) 
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Figure 2: Distribution of public access hunting sites which received zero and greater than zero estimated pheasant hunter use (a). Mean absolute error for the 
binomial model was 0.31 for a response range of [0,1]. 
(a) (b) 
6
0
 
61 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Measured distribution of pheasant hunter use index (a) and residuals (b) from the gamma-distributed Bayesian regression assessing the relationship 
between county-scale social and ecological variation and the magnitude of use sites statewide received. Mean absolute error was 2.99 for hunter use index of 
range (0, 52]. 
(a) (b) 
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Figure 4: Observed distribution of hunter use index (a) and residual distribution from the gamma-
distributed model assessing sources of variation in hunter use among sites in the southwest study 
region. Mean absolute error was 2.99 for use index of range [0, 22.57]. 
(b) 
(a) 
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Figure 5: Predicted point estimates (black lines) and 95% confidence intervals (gray lines) from the 
negative binomial-distributed regression model describing the effects of variation in public access 
infrastructure on hunter use of available access points at public access hunting sites. Hunter use was 
negatively correlated with distance from roads and signs. Spaces included in or adjacent to safety zones 
around occupied structures and livestock (c,d) received less use than those spaces not included in or 
adjacent to safety zones (a,b). Note: The model assessed hunter use in units of hunter detections per 
hectare per year, and outputs were transformed to minutes per hectare for this figure. 
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Figure 6: Distribution of observed hunter GPS detections, (a) and residuals (b) 
from the negative binomial hunter access point model. The majority of 
residuals were between absolute values 0-10 for observed hunter detections per 
hectare of range [0, 571]. 
(a) 
(b) 
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Figure 7: Predicted point estimates (black lines) and 95% confidence intervals (gray lines) from the 
negative binomial regression describing the effects of variation in pheasant distribution, physical stress, 
distribution of crop fields, and vegetation height on pheasant hunter use of space within public access 
hunting fields. Pheasant hunter use was negatively correlated with distance to crop fields (a), vegetation 
height (b), and heart rate (c) and positively correlated with pheasant detections per hectare (d). Note: 
The model assessed hunter use in units of hunter detections per hectare per year, and outputs were 
transformed to minutes per hectare for this figure. 
(b) 
(c) (d) 
(a) 
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Figure 8: Distribution of GPS hunter detections per hectare (a) and residuals (b) 
for the negative binomial regression describing variation in hunter effort in 
relation to vegetation, physical stress, placement of crop fields, and pheasant 
distribution within public access hunting sites. Mean absolute error was 35.67 
for range [0, 471]. 
(a) 
(b) 
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APPENDIX 2: HUNTER SURVEY QUESTIONAIRES  
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